The 1MV AMS system installed at National Accelerator Mass Spectrometry Laboratory (LEMA) has been used to determine the meteoric 10 Be concentrations from particulate matter at the center of Mexico during 2012. The meteoric 10 Be concentration range between (1.1 ± 14%, and 5.1 ± 12%) × 10 4 atoms m −3 . In this work, we presented the first data of concentrations of meteoric 10 Be found in this kind of samples by using AMS technique in Mexico.
Introduction
The long-lived Beryllium-10 ( 10 Be) is a cosmogenic radionuclide produced by spallation reactions between highenergy cosmic radiation and some elements of the atmosphere, mainly nitrogen and oxygen [1] . The production rate of meteoric 10 Be is linked to solar activity levels and the geomagnetic field; for this reason, it varies significantly according to altitude and latitude [2] . After its production, meteoric 10 Be is attached to aerosols, the residence time of aerosols in the stratosphere is about 1-2 years [3] ; meanwhile, in the troposphere, it is only on the order of weeks [4] . The meteoric 10 Be is deposited on the Earth's surface and enters in the natural archives, both, by wet and dry fallout [5] . After deposition, it can be sampled and measured in several types of reservoirs such as ice, rainwater, aerosols, snow, and attached to sediments, soils, or rocks. The information obtained from the analysis of the meteoric 10 Be production is a powerful tool to increase the knowledge about past environmental and climatic changes, due to it is a tracer operating over time scales up to 10 7 years [6] .
There are many studies on the determination of meteoric 10 Be production in natural samples applied in multiple science fields. Such as reconstructing of the paleomagnetic Earth field from sea sediments and ice cores [7] [8] [9] , the determination of past solar activity from ice cores [10, 11] , the snow accumulation rate reconstruction [8] and the seafloor sedimentation rates [12, 13] .
The study of 10 Be in particulate matter offers relevant information regarding the production and distribution of different processes in the atmosphere, such as atmospheric mixing, stratosphere-troposphere exchange, and seasonal variations [14, 15] . One of the most complete works about the 10 Be concentration in aerosols is reported by Auer [14] , which established the concentrations of this radionuclide at different altitudes: at sea level in Antartica; at 3100 and 1200 meters above the sea level (m.a.s.l) at the Alps and the Black Forest respectively, and at high altitude (more than 15,000 m.a.s.l.). It was in the latter where the highest 10 Be concentration was found, around 10 6 atoms m −3 , while in tropospheric samples, the 10 Be concentrations were of the order of 10 4 atoms m −3 . This value is consistent with the recent results from samples in urban areas [1, 16] .
Due to the small concentration in natural samples and the large half-life of 10 Be (1.387 ± 0.87% Ma [17, 18] ), Accelerator Mass Spectrometry (AMS) is the most common technique to measure this kind of radionuclide [19] ; and in some cases the only one, when the concentration is very low. The current development of AMS increases the detection sensitivity for long-lived cosmogenic radionuclides by several orders of magnitude, allowing a high-resolution analysis for practically all the natural archives [20] . The National Laboratory of Accelerator Mass Spectrometry (LEMA) installed at Mexico City in 2013, is the only AMS facility in the country and one of the few in Latin America. It is a system based on a 1.0 MV Tandetron manufactured by High Voltage Engineering Europe [21] . During its first years, LEMA has been used mainly for the measurement of radiocarbon to study archaeological and environmental samples. Recently, a lot of effort has been made to increase the capabilities of LEMA to carry out measurements of other radioisotopes such as the cosmogenics 10 Be and 26 Al. The goal of this work is focused on the determination of meteoric 10 Be concentration in small samples of particulate matter PM 10 in different areas of Mexico. The results will contribute to establishing the first data for the meteoric 10 Be production in different Mexican urban areas as Cuernavaca and Mexico City, expanding the LEMA capabilities to determine the cosmogenic radionuclides and the applications of the meteoric 10 Be in several fields of science as such as Geology and Geochronology.
Experimental
The meteoric 10 Be production was determined in two Mexican cities: Mexico City (19° 25′ 10″ N, 99° 8′ 44″ W and 2260 m.a.s.l) and Cuernavaca (18° 55′ 7″ N, 99° 14′ 3″ W and 1500 m.a.s.l), both localized at the central part of the country. Sampling was conducted at four sites, as shown in Fig. 1 . Three sites located in Mexico City: the Mexican Institute of Petroleum (T0), Iztapalapa (IZT), and at the Campus of the National Autonomous University of Mexico (CU); the last site was Cuernavaca (CRN). The altitude of these sites is: 2325, 2270, 2275 and 1510 m.a.s.l, respectively. Sampling was carried out during the cold-dry season of 2012 (from November 19th to December 11th).
Particulate matter minor to 10 μm (PM 10 ) was collected during 48 h in quartz filters (Pallflex 2500 of 20 × 25 cm, QAT-UP; Pall Sciences, Ann Arbor, MI, USA) using a high-volume PM 10 sampler with a flow rate of 1.9 m 3 min −1 (Grase by Andersen SA-2000H). The total sample volume collected was in a range of 4000 and 7000 m 3 .
Aliquots of 1 g of the total filter, around 900 and 1500 m 3 , were cut into small pieces and 250 µL of 9 Be ((Be 4 O(C 2 H 3 O 2 ) 6 ) standard, 1000 mg L −1 in HNO 3 2%, Merck) was added and homogenized with HCl 9 M, this solution was evaporated until total dryness in a hot plate. The dried samples were calcined in an oven at 600 °C for 4 h to eliminate the organic material. After the ignition step, the leaching process was carried out as follows: total sample dissolution was reached at open acid digestion with HFc and HNO 3 c (10:10) heated at 100 °C until dryness, the residue was washed with 5 mL of HNO 3 to eliminate the remains of HF. The leashed sample was recovered with HCL 9 M, and the isolation of Be was carried out using both anion and cation exchange (Dowex AG1-X8 and Dowex 50 W-X8 100-200 mesh respectively) following the radiochemical process established by Padilla et al. [1] . The purified fraction of Be after the radiochemical step is precipitated at pH = 9 as Be(OH) 2 by the addition of ammonia; then, the solution was centrifuged at 4000 r.p.m for 10 min eliminating the supernatant. The precipitate was freeze-dried for 24 h, and calcined at 1000 °C obtained BeO, which is mixed with 4 mg of Nb, pressed in aluminum cathodes, and measured by using the AMS technique.
The samples were measured by the 1 MV AMS system at LEMA; the system is thoroughly described by Solís et al., [21] . In a brief description, at the low-energy zone, the negative ion beam is produced in a Cs-Sputter ion source and injected toward a magnetic filter where the ions are mass-analyzed and separated. The ions are accelerated in a 1 MV Tandetron accelerator using Ar gas in the stripping process at a terminal voltage of 1000 kV. Afterward, the beam is analyzed again for mass by a second magnetic filter and energy by an electrostatic analyzer (ESA), at the highenergy zone. Finally, the ions are counted and identified in a two anode gas ionization detector [22] . The 10 Be has an important stable isobar: the 10 B, which has almost the same m/q ratio as 10 Be. Due to the difference between the stopping power, both ions are separated using a silicon nitride foil (75 nm thick) as a passive absorber placed behind the high-energy bending magnet [23] .
The system was tuned for mass 9 Be and then switched to mass 10 Be in the bouncer at the low-energy magnetic filter to obtain the beryllium sample ratio. The measurement of both ions was carried out in charge state +1 after the accelerator and the passive absorber. A complete description of the system tuning is described by De los Ríos et al. [24] . The average currents obtained on the measurements in the high-energy zone were around 1 μA for 9 Be +. A chemical blank was prepared for each block of 8 aerosols samples; its preparation was with 250 µL from the before mentioned 9 Be standard solution following the same chemical process and measured together with the samples. The measured isotopic ratios 10 Be/ 9 Be were normalized with a standard sample with an isotopic ratio value of 10 Be/ 9 Be = 2.7 × 10 −11 [25] . The normalized isotopic ratios 10 Be/ 9 Be of blanks were between 5.3 × 10 −14 and 7.6 × 10 −14 .
Statistical analysis, such as Analysis of Variance (ANOVA), average, standard deviation (S.V.), and coefficient of variation (C.V.), were performed using OriginPro 8.6 version. Meteorological data as temperature, relative humidity, wind direction and speed, and pressure were obtained from" Programa de Estaciones Meteorológicas del Bachillerato Universitario" (PEMBU) [26] for the sampling period and correlated with the 10 Be concentrations achieved.
Results and discussion
An essential consideration in the determination of meteoric 10 Be concentrations in urban areas is to establish the impact due to re-suspended particulate, which may affect the correct estimation of the radioisotope. Aluminum is a powerful indicator of soil presence due to crustal dust contribution; then the meteoric 10 Be concentration can be corrected for soil input ( 10 Be corr ) as it was made successfully in a previous analysis [1, 27] . In this work, the equation has been modified taking the Al as an indicator of dust resuspension as follow:
where 10 Be PM 10 and Al PM 10 are the 10 Be and Al concentrations in PM 10 (expressed in atoms g −1 and %); 10 Be soil and Al soil are the concentration in soil (3 × 10 8 atoms g −1 and 8%, respectively [27, 28] ), and PM is the aliquot of PM 10 in g m −3 . Figure 2 shows a comparison between the uncorrected and corrected 10 Be concentrations obtained at the center of Mexico; the difference between them is not significative, this means that the 10 Be concentration detected in Mexico City and Cuernavaca has an atmospheric origin rather than re-suspended soil contribution. The average of the crustal dust contribution was 3.2% in Cuernavaca and 5.4% in Mexico City, this fact shows that there is no additional influence in almost all the calculated meteoric 10 Be concentration in PM 10 . The major contribution was found in T0 on November 11th, around 20%. Table 2 shows an insignificant correlation between 10 Be concentration and climate parameter; then, the contribution could be due to the movement generated by mobile sources, as such vehicular traffic. The corrected 10 Be concentration at this point agrees with that found throughout the sampling period in T0.
In addition to Eq. 1, the Enrichment Factors (EF) were used to identify the relative contribution of 10 Be from the dust of lithogenic origin. The calculation of EF in PM 10 was based on the normalization of 10 Be measured against a reference element (Al), applying the Eq. (2)
where X is the concentration of 10 Be, and R is the reference element.
The EF values were around 8.5 ± 3 in all sampling sites. It means there is no soil dust resuspension affecting the meteoric 10 Be concentration in PM 10 since an input by crustal dispersion is considered when EF > 10.
The statistical analysis of corrected 10 Be concentrations is summarized in Table 1 . The results are in atoms m −3 of sampled air. The decreasing order of 10 Be average concentration was as follow: IZT > CRN > CU > T0. The average of meteoric 10 Be concentration was (2 ± 3%) × 10 4 atoms m −3 for both, Mexico City and Cuernavaca; this value agrees with the theoretical model established by Heikkilä [29] . The model is based on the characteristics of large-scale climatic conditions and the modulation of aerosols in the atmosphere and predicts, based on altitude and latitude for Mexico City and Cuernavaca, meteoric 10 Be concentrations between (2.5 and 5) × 10 4 atoms m −3 .
The coefficient of variation of 10 Be concentrations was between 30% and 48% ( Table 1) . These variations, highest in T0 and CRN, suggest that some climatic parameter could be affecting the 10 Be concentration.
The ANOVA showed that at the p = 0.05 level, there was not a statistical significance between the 10 Be mean concentration and the sampling site (p = 0.79), (see Fig. 3 ).
The meteoric 10 Be average concentration in November 2012 was around (2 ± 14%) × 10 4 atoms m −3 in T0, IZT, CU, this data is lower than that found in Tokyo and Fukuoka (between 4 and 10) × 10 4 atoms m −3 in the period between November 22nd and 30th in 2005 [16] . The later is one of the first works where 10 Be concentration was reported in urban zones at sea level. (CRN has not been considered since there were not enough representative values in November). More recently, the results reported by Padilla et al. [1] , show that in November, the concentration of 10 Be at Seville in 2013 was (1.6 ± 7%) × 10 4 atoms m −3 , this value is lower than found in Mexico City and Cuernavaca. Meanwhile, the 10 Be concentration in December in Seville (2.9 ± 6%) × 10 4 atoms m −3 agree with T0 and CRN site (2.5 ± 11%) × 10 4 atoms m −3 and lower than (4 ± 10%) × 10 4 atoms m −3 for CU and IZT, respectively. The differences among meteoric 10 Be concentration in this analysis and the ones reported could be due to the geographical and environmental conditions of the sampling sites. Yamagata and Padilla [1, 16] found a correlation between the 10 Be concentration and pressure.
The correlation analysis with meteorological parameters (p = 0.01). Table 2 shows that atmospheric conditions do not influence the meteoric 10 Be concentration during de cold-dry season in Mexico center. Therefore, it is corroborated that, the differences between the 10 Be concentrations found in this study and what was previously reported [1, 16] , is due to the anticyclone effect seen in sites such as Seville, Tokyo, and Fukuoka, where a more enriched 10 Be air is transported from higher to lower altitudes by pressure effect.
The analysis by ICP-SFMS shows the elemental composition of PM 10 in samples corresponding mostly to crustal material; this is in concordance with the reported by Solis et al., [30] in PM 10 and soils by Vega et al. [28] . In Table 3 is shown that there is not a correlation between 10 Be concentration and elemental composition of the particulate matter, as was indicated above with Eq. (1), since the re-suspended soil material does not increase the 10 Be in the samples.
Conclusions
Measurements of 10 Be in aerosol particulate samples in the 1MV AMS system at LEMA were made. The study was done in small aliquots, (around 20 and 50 milligrams, of PM 10 , were analyzed), and the radiochemical procedure to extract and purify meteoric 10 Be was successfully adopted to determinate its concentration in PM 10 . The results provided in this work are the first ones of meteoric 10 Be concentrations in Mexico, and they agree in the order of magnitude with ones reported in the literature. The 10 Be concentration found in Mexico center corresponds to the meteoric origin. The contribution of 10 Be from re-suspended material is very slight and does not affect the results. Despite the results Fig. 3 One-factor ANOVA between meteoric 10 Be concentration and sampling sites obtained, a new sampling campaign along the year is needed to get a complete database of meteoric 10 Be. The meteoric 10 Be could be complemented with the determination of other isotopes such as 7 Be and 26 Al. Analysis of meteoric 10 Be in different sample matrices such as rainwater, snow, ice cores, and sediments can be made at LEMA after this complete characterization, applying the specific and individual chemical treatment preparation for each of them.
